pared with tPA [10] [11] [12] [13] [14] . McAllister et al. [14] reported positive results of intravitreal TNK injections for treatment of SMH due to nAMD.
The aim of this study was to evaluate the outcome of a triple injection with intravitreal injection of TNK, anti-VEGF agent, and an expansile gas for the treatment of thick SMH caused by nAMD.
Materials and Methods
This retrospective study followed the principles of the Declaration of Helsinki and was approved by the institutional review board of the Nune Eye Hospital (no. 2010-NEH-001). For academic use, the Korean Food and Drug Administration approved the intravitreal injection of TNK. The medical records of patients who underwent triple injections from March 2009 to May 2013 at Nune Eye Hospital were retrospectively reviewed.
Inclusion criteria were nAMD complicated by SMH, SMH >1 disk areas, treatment naive, and a <30 day symptom duration with a minimum 12-month follow-up period. Exclusion criteria were other etiologies of SMH, previous intravitreal injection or vitreoretinal surgery and pre-existing macular scarring. Differentiation between typical nAMD and polypoidal choroidal vasculopathy was determined using indocyanine green angiography. Patients who had a branched vascular network with a terminal polypoidal vascular lesion were classified as polypoidal choroidal vasculopathy.
All patients were examined before the treatment, 1 to 7 days after surgery, and at 1 month intervals. Each patient underwent a complete ocular examination including slitlamp examination, best-corrected visual acuity (BCVA), intraocular pressure measurement, fundus photography and spectral-domain optical coherence tomography. Preand postoperative f luorescein angiography and indocyanine green angiography were performed.
Medical records were reviewed for the following data: age, gender, systemic disease, duration of hemorrhage, BCVA with Snellen charts and mean change from baseline in central retinal thickness (CRT) with spectral domain optical coherence tomography (Heidelberg Spectralis; Heidelberg Engineering, Heidelberg, Germany) preoperatively as well as at 1, 3, 6, and 12 months postoperatively. For statistically analyses, BCVA was analyzed on a logarithm of the minimum angle of resolution (logMAR) scale. In the current study, visual acuity of counting fingers and hand motion was converted as 2.0 and 3.0 logMAR, respectively. CRT was measured manually on the optical coherence tomography monitor using the built-in software. CRT was defined as the distance between the internal limiting membrane and Bruch's membrane at the center of the fovea. If the CRT was over 1,000 μm, it was considered as 1,000 μm.
Injection technique
All procedures were performed under local anesthesia and sterile conditions in the operating room. Each substance was injected through the pars plana into the vitreous cavity using a 30-gauge needle. On day 1, TNK (50 μg/0.05 mL) and anti-VEGF (Avastin 1.25 mg/0.05 mL or Lucentis 0.5 mg/0.05 mL; Genentech, San Francisco, CA, USA) were injected into the vitreous cavity. An anterior chamber paracentesis was performed, if deemed necessary. All patients were asked to remain in the supine position for at least 3 hours. Next day, 0.2 mL of the aqueous humor was removed to avoid the elevation of intraocular pressure before the intravitreal gas injection, and 0.3 mL of pure perfluoropropane gas (C 3 F 8 ) was injected. Patients were instructed to maintain a facedown posture for at least 1 week. After performing the initial triple injection, a retreatment of anti-VEGF for each patient was performed as needed, if persistent or recurrent subretinal or intraretinal fluid was evident or if a new macular hemorrhage developed.
Statistical analyses
All values are presented as mean ± standard deviation. The Wilcoxon signed rank test was used for comparison of preoperative and postoperative visual acuities and CRT. PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analyses. A p-value of less than 0.05 was considered statistically significant.
Results

Baseline characteristics
A total of 25 treatment-naïve nAMD eyes (25 patients) that underwent the triple injection procedure were includ-ed. Patient baseline characteristics are reported in Table 1 . The participants consisted of 14 men and 11 women with an average age of 67.6 ± 8.9 years (range, 52 to 82 years). The mean duration of symptoms was 7.2 ± 8.2 days (range, 1 to 30 days) and the mean follow-up duration was 19.6 ± 8.3 months (range, 12 to 41 months). The mean size of the SMH was 7.5 ± 5.0 disc areas (range, 1.5 to 19). Fifteen patients (60%) were treated with bevacizumab, and 10 patients (40%) were treated with ranibizumab. At 12 months postoperative, 23 of 25 eyes had received a mean of 4.04 (range, 1 to 11) postoperative intravitreal injections of bevacizumab or ranibizumab. A history of hypertension was identified in nine patients (36%), diabetic mellitus in five patients (20%), and kidney transplantation in one patient (4%). Five patients (20%) were treated with systemic anticoagulation. Typical nAMD was identified in 19 eyes (76%), and polypoidal choroidal vasculopathy was classified in six eyes (24%).
Best-corrected visual acuity and central retinal thickness outcomes
The mean values of BCVA, expressed in logMAR, and CRT at each visit are reported in Table 2 (Fig. 1A-1D ) and only one eye showed worsened BCVA at 12 months.
Adverse events
Treatment was well tolerated and there were no cases of infectious endophthalmitis. In one eye, a vitreous hemorrhage developed after the first treatment, and a retinal pigment epithelium tear occurred in one eye during the follow-up period. Other than those two cases no severe ocular or systemic adverse events occurred. Values are presented as mean ± standard deviation; Wilcoxon signed rank test, p < 0.05 for all variables. BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution; CRT = central retinal thickness. Values are presented as number, mean ± standard deviation, or number (%) unless otherwise indicated. DA = disc areas; nAMD = neovascular age-related macular degeneration; PCV = polypoidal choroidal vasculopathy; BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of resolution; CRT = central retinal thickness; anti-VEGF = anti-vascular endothelial growth factor.
Discussion
Unless treated early, SMH associated with choroidal neovascularization (CNV) generally cause sudden visual loss and poor visual prognosis [1, 2] . The reduced visual outcome is attributed to the retinal toxicity of subretinal blood, which includes limited diffusion of nutrients and oxygen, shearing off photoreceptor outer segments due to clot contraction and release of toxic materials, such as hemoglobin-derived iron [3] . This is precisely why many investigators have supported early evacuation of SMH to minimize these damaging effects.
Heriot presented the benefits of a minimally invasive procedure to enzymatically liquefy the submacular blood with tPA and displace it with gas [15] , and many studies have since shown good results with this procedure [16] . However, the commercially available 50 μg of tPA was reported to be toxic in rabbit, and it caused reduced electroretinograph amplitudes and diffuse pigmentary changes in human retinas [17] . Moreover, several recent reports have shown that pneumatic displacement therapy for SMH was equally effective without regard to the use of tPA [5, 6, 18] .
A new third-generation thrombolytic agent (tenecteplase) is a variant of tPA that has been produced by recombinant DNA technology, having undergone multiple point mutations [13] . This new thrombolytic agent had been developed to avoid some of the limitations of tPA [11] [12] [13] . With a longer half-life and greater fibrin specificity, TNK is potentially more efficacious in thrombus dissolution [11] . Another advantage of TNK is that the vehicle contains much less L-arginine (less than a third of that of tPA) which is thought to be the cause of the toxicity to the outer retina and RPE. In a previous animal study, subretinal TNK injection showed no toxicity to the outer retina and earlier we reported a case study in which subretinal administration of TNK did not result in serious retinal toxicity in human [19] . Recently, intravitreal TNK injection was reported to yield favorable effects in the management of SMH [14] .
Visual acuity often improves after successful displacement of SMH by tPA and gas but frequently deteriorates because of progression of the underlying CNV. To overcome this limitation intravitreal injection of anti-VEGF agents, a proven treatment method for CNV related to nAMD, are being used. The risk of SMH recurrence may be reduced by early CNV regression induced by the simultaneous application of anti-VEGF. Several retrospective studies have successfully used intravitreal anti-VEGF agents in combination with pneumatic displacement for treating SMH in patients with nAMD [8, 9] . Positive results for intravitreal anti-VEGF monotherapy have also been reported to be successful for treating patients with SMH related to nAMD [20, 21] .
The therapeutic principle of triple injection is based on three synergistic effects: the non-toxic and highly penetrating ability of TNK to lyse the clot, the mechanical displacement of submacular liquefied blood through the gas bubble, and the treatment of the underlying CNV with anti-VEGF agent. In the present study, 25-patient case series demonstrates that combined treatment of SMH with intravitreal TNK, anti-VEGF agent and gas is both safe and effective in improving visual acuity from 1.09 ± 0.77 log-MAR to 0.52 ± 0.60 logMAR and in reducing CRT from 545 ± 156 to 266 ± 107 μm at 12 months. Although the results cannot be directly compared with other studies, our results are comparable to those of other previous studies where they used combined injections of anti-VEGF and gas [22] or triple injection of tPA, bevacizumab and gas [9] .
Our study has several limitations. First, this is the retrospective study. Second, the number of patients was relatively small and only short-term postoperative evaluations were conducted. Third, our results are limited by the lack of a control group. However, this case series is meaningful as the first clinical report of combination injection in humans, with satisfactory results.
In conclusion, pneumatic displacement with intravitreal TNK and anti-VEGF agent is a safe and effective treatment for nAMD complicated by SMH. Large, long-term, prospective, comparative clinical trials are needed to evaluate the efficacy and safety of this procedure. 
